Abstract -
I. INTRODUCTION
A wireless network consists of a group of nodes that communicate with each other over a wireless medium of propagation. When the channel between two nodes (source: SRC and destination: DST) of such a network is in a deep shadow-fading state (see Fig 1) , increasing the transmit power by the SRC can be too power consuming and result in interference for other co-channel receivers [6] . In this situation a cooperating node (CN) may be used to relay the packets between the SRC and the DST [1]- [5] . We consider a protocol in which the cooperating node is selected from a number of nearby nodes to the SRC, such that it has the best propagation channel to the DST. The goal of this paper is to show that although an extra node becomes involved in transmitting the packets, the total average power consumed in the cooperative network is lower than that of a standard wireless network. We consider two models for the channels in our analysis; i) Nakagami fading channels, ii) shadowing channels. The problem setup is depicted in Fig 1. Referring to this figure, let 0 SRC P be the power of the SRC in the direct channel (singlehop) of a standard wireless network, and CN P and SRC P be the powers, respectively, of the CN and the SRC in the cooperative network, for the two systems to yield the same received power at the DST. We will show that 0 SRC CN SRC P P P + < on average. 
II. COMPARING POWER CONSUMPTIONS
In this section we derive a formula for the ratio of the average power of the SRC node in the standard wireless network over the average overall power of the SRC node and the cooperating node in the relay channel to yeald the same received power level ( R P ) at the DST node. We assume that N cooperating nodes are available for each SRC node, on the average. In Section II.A we assume that all nodes face independent Nakagami fast fading channels, while in Section II.B shadowing channels will be considered. Because of the intractability of the analysis, the case of composite shadowfading channels is not considered here.
A. Nakagami fast-fading channels
Let 0 h , 1k h , and 2k h be the channels between the SRC and the DST, the SRC and the k th CN, and the DST and the k th CN respectively (see Fig 1) 
For a fair comparison, we set the same received power at the DST in both cooperative and standard networks. Let R P be the received power at the CN and the DST in both networks, then we have
, and
We define the power consumption ratio of the two networks to be
where E[.] is the expectation operator.
We also define 0
. The probability density function (PDF) of 0 S is then given by
and from this the expected values of 0 S is given by
Since the CN has the best channel to the DST node, we have
On the other hand,
Using (6) 
Defining 2 2 1 S h = and by using (7) it can be shown that the PDF of 2 S is expressed as
From (8) 
Now, the power consumption ratio of the two networks, which was given in (2), is given by
Substituting (4), (5) and (9) in (10), the inverse of power consumption ratio of the two channels is given by / Ω Ω , this assumption does not make any difference in the final results. 4 Since the distance between a CN and the DST is almost equal to the distance between the SRC and the DST, this assumption is reasonable. 6 We assume that two nodes can cooperate if the distance between them is less than a cooperation distance (r). (13)). For a network of radius 5 km, wherein 1000 nodes are uniformaly distributed over the area of the disk, the average number of the cooperating nodes is about 1.6, when the cooperation distance is 200m. The figure shows that for N=1.6, the average power consumption in the cooperative network is almost half the average power consumtions in the standard network. 
B. Shadowing channels
In this section we derive an expression for the power consumption ratio in the presence of lognormal shadowing and no fading. For the shadowing channel, the area mean powers 0 Ω , 1k Ω and 2k Ω are lognormal random variables, i.e. ln ln
Using (15), the expected value of 
For simplicity we assume that the value of 2 μ (average area mean power at the CN) is almost equal to 0 μ (average area mean power at the SRC), because they are approximately located at the same distance from the DST 8 . Therefore From this figure we notice that the relative performance of the cooperative network over the standard network improves in the presence of shadowing. 
III. CONCLUDING REMARKS
This article presented the comparison of the average amount of power consumed by nodes in a standard and a cooperative wireless network, in which a single best node is used to relay the signal between a source and destination.
It was shown that the ratio of the average power consumption in the two networks, when N cooperating nodes on average are available for each node, is approximately ln k N q + , for Nakagami and lognormal shadowing channels. The constants k and q are related to the type of the channels. 
